Background: Oxaliplatin (OXA)-based chemotherapy is generally used to treat human cancers, whereas OXA resistance is a main obstacle for the treatment of colorectal cancer (CRC). Evidence has shown that tanshinone IIA (Tan IIA) could induce apoptosis in CRC cells. However, the role of combination of OXA and Tan IIA on OXA-resistance CRC cells remains unknown. Thus, this study aimed to investigate the effects of Tan IIA in combination with OXA on OXA-resistance CRC cells. Methods: MTT assay, Ki67 immunofluorescence staining and flow cytometry were used to detect viability, proliferation and apoptosis in OXA-resistant cell line SW480/OXA, respectively. The expressions of Bcl-2, Bax, active caspase 3, p-Akt and p-ERK in SW480/OXA cells were detected with Western blot. In vivo animal study was performed finally. Results: In this study, the inhibitory effects of OXA on the proliferation and invasion of SW480/ OXA cells were significantly enhanced by Tan IIA. In addition, Tan IIA obviously enhanced the anti-apoptosis effects of OXA on SW480/OXA cells via decreasing the levels of Bcl-2, p-Akt and p-ERK, and increasing the levels of Bax and active caspase 3. In vivo experiments confirmed that Tan IIA enhanced OXA sensitivity in SW480/OXA xenograft model. Conclusion: We found that Tan IIA could reverse OXA resistance in OXA-resistance CRC cells. Therefore, OXA combined with Tan IIA might be considered as a therapeutic approach for the treatment of OXA-resistant CRC.
Introduction
Colorectal cancer (CRC) is one of the most malignant cancers worldwide. 1 A family history of CRC, a diet with lower fiber, age and smoking are the possible risk factors for CRC. 2 Most of the patients with CRC are diagnosed at advanced stage, whereas the 5-year survival rate is only 25-39% at advanced stage and the recurrence rate is extremely high. 3 At present, chemotherapy is one of the main options for the treatment of CRC. 4 Oxaliplatin (OXA) is a first-line chemotherapy drug for advanced-stage CRC, which exhibits strong activity against CRC. 5, 6 However, the resistance happened in nearly all patients after long-term treatment with oxaliplatin alone, and then the therapeutic efficacy was limited. 7 Therefore, searching new agents responsible for tumor chemoresistance is a key method to enhance the efficacy of OXA for patients with CRC. Tanshinone IIA (Tan IIA) is isolated and purified from the roots of Salvia miltiorrhiza Bunge. 8 Recent studies have revealed that Tan IIA exhibited anti-tumor, antioxidant and anti-inflammatory effects. [9] [10] [11] Tan IIA could inhibit proliferation, migration and invasion in CRC cells. 12 In addition, Tan IIA could attenuate hypoxia-induced chemotherapy resistance in breast cancer. 13 However, the effect of Tan IIA in OXAresistance CRC cells remains poorly understood. Akt/ERK signaling pathway has been considered as a key signaling cascade involved in regulating cell growth, proliferation and cell death in human cancers. 14, 15 Protein kinase B (Akt) and extracellular regulated protein kinases (ERK) are the essential anti-apoptotic proteins, which could mediate proliferation, metastasis and survival in tumor cells. 16 Finally, the cells were observed using a laser scanning confocal microscope (Olympus CX23 Tokyo, Japan).
Cell Apoptosis Assay
The apoptosis of SW480/OXA cells was assessed using an Annexin V-FITC apoptosis detection kit (KeyGen Biotech, Nanjing, China) according to the protocol. Cells were collected and washed twice with pre-cold PBS. After that, cells were stained with 5 μL annexin V-FITC (Thermo Fisher Scientific) and 5 μL propidium iodide (PI, Thermo Fisher Scientific) for 30 mins in the dark at room temperature. Cell apoptosis was assessed by flow cytometry (BD Biosciences, Mountain View, CA, USA).
Transwell Invasion Assay
Transwell assays were performed as described previously. without 10% FBS was added into the upper chamber, and medium with 10% FBS was added in the lower chamber to induce cell invasion. Twenty-four hours later, the invaded cells on the lower membrane surface were stained with 0.1% crystal violet. Then, cell images were photographed using a laser scanning confocal microscope (Olympus). 
Western Blotting Assay

TUNEL Assay
Tumor tissues were fixed in 4% paraformaldehyde, embedded in paraffin and then cut into 5-μm sections. Cell apoptosis was evaluated by TUNEL assay with an apoptosis detection kit (Thermo Fisher Scientific) according to the protocol.
Statistical Analysis
GraphPad Prism 7 (GraphPad Software, Inc., La Jolla, CA, USA) was performed for statistical analysis. Data were represented as mean ± standard deviation (SD). All experiments were repeated at least three times. The comparisons among multiple groups were made with one-way analysis of variance (ANOVA) followed by Tukey's test. P<0.05 was accepted as a statistically significant difference.
Results
Tan IIA Enhances The Cytotoxic Effect Of OXA In Human CRC Cells
The chemical structure of Tan IIA was indicated in Figure 1A . To evaluate the effects of OXA at different doses on the viability of OXA-resistance CRC cells, CCK-8 assay was used. As shown in Figure 1B and C, SW480/ OXA cells and HT29/OXA cells were resistant to OXA after gradient treatment compared with SW480 and HT29 parental cells. Furthermore, the cytotoxicity of Tan IIA in SW480/OXA cells and HT29/OXA cells were decreased compared with that in their parental SW480 and HT29 cells ( Figure 1D and E). 9 μM OXA or 8 μM Tan IIA slightly inhibited the proliferation of SW480/OXA cells and HT29/OXA cells; therefore, 9 μM OXA and 8 μM Tan IIA were utilized in the following experiments. CCK-8 assay was further performed to analyze the effects of OXA and Tan IIA on viability of OXA-resistance CRC cells. 9 μM OXA induced about 14% growth inhibitions in SW480/OXA cells, which were further increased to about 73% in co-treatment group of OXA + Tan IIA ( Figure 1F ). Meanwhile, 9 μM OXA induced about 19% growth inhibitions in HT29/OXA cells, which were further increased to about 65% in co-treatment group ( Figure 1G ). The SW480/OXA cells were less sensitive to OXA-induced cell death than HT29/OXA cells. Therefore, SW480/OXA cells were utilized in the following studies.
Tan IIA Enhances The Anti-Proliferation Effect Of OXA In SW480/OXA Cells Next, the effects of Tan IIA and OXA on the proliferation of SW480/OXA cells were analyzed by colony formation and Ki67 immunofluorescence staining assay. As shown in Figure 2A and B, OXA significantly inhibited the proliferation of SW480/OXA cells and exhibited about 17% growth inhibition, which was further increased to 42% in co-treatment group. In addition, OXA significantly decreased the ki67-positive SW480/OXA cells, compared with control group. As expected, the ki67-positive cells were further decreased in the presence of Tan IIA, compared with OXA treatment group (Figure 2C and D) . These data indicated that Tan IIA could enhance the antiproliferation effect of OXA in SW480/OXA cells.
Tan IIA Enhances The Anti-Tumor Effects Of OXA In CRC Cells
Flow cytometric assay was applied to assess the apoptosis of SW480/OXA cells. As indicated in Figure 3A and B, the apoptosis rate in OXA-treated SW480/OXA cells was 
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OncoTargets and Therapy 2019:12 about 20%. As expected, the apoptosis rate in OXA-treated SW480/OXA cells was significantly increased to about 52% in the presence of Tan IIA. In addition, as shown in Figure 3C and D, OXA significantly induced apoptosis of HT29/OXA cells, which was markedly enhanced in the presence of Tan IIA. Moreover, Tan IIA enhanced the inhibitory effect of OXA on the invasion of SW480/ OXA cells and HT29/OXA cells ( Figure 3E-H Given that Tan IIA could enhance the efficacy of OXA in vitro, we further assessed the effects of combination in the SW480/OXA xenograft mouse model. As shown in Figure 6A -C, OXA or Tan IIA treatment had limited effect on tumor volume and tumor weight, compared with control group. As expected, the combination of OXA with Tan IIA significantly decreased the tumor volume and tumor weight. In addition, combination treatment had very limited effect on body weight, which means combination treatment had no obvious toxicity in xenograft mouse model ( Figure 6D ). These results illustrated that Tan IIA could enhance OXA sensitivity in SW480/OXA xenograft in vivo.
Tan IIA Enhances Anti-Tumor Effects Of OXA In SW480/OXA Xenograft Via Regulation Of Akt/ERK Pathway TUNEL analysis revealed that OXA significantly promoted tumor cell apoptosis compared with control group. Meanwhile, Tan IIA markedly increased the TUNEL positive cell rate induced by OXA, from 10% to 36% ( Figure 7A and B) . In addition, the data of Western blotting indicated that combination of Tan IIA with OXA treatment significantly downregulated the levels of p-Akt and p-ERK in tumor tissues, compared with OXA treatment group (Figure 7C -E). These data suggested that Tan IIA could enhance anti-tumor effects of OXA in SW480/ OXA xenograft via inhibiting of Akt/ERK pathway.
Discussion
Colorectal cancer (CRC) is one of the most malignant tumors worldwide with poor prognosis. 21 OXA is the firstline chemotherapy drug for the treatment of CRC. 22 However, chemo-resistance is the main cause of death in patients with recurrent CRC and metastatic CRC. 23 Recent study has shown that Chinese medicine could synergistically enhance anti-tumor effect of chemotherapeutics, such as OXA. 24, 25 In order to find an effective therapy to reverse OXA resistance in CRC, OXA-resistant human CRC cells were used. Recent data have indicated that Tan IIA has anti-cancer activity on a large variety of cancer cells, including CRC cells and lung cancer cells. 26, 27 Guo et al indicated that Tan IIA enhanced anti-leukemia effect of imatinib in Philadelphia chromosome-positive acute lymphoblastic leukemia mouse models. 18 In addition, combination of Tan IIA with cisplatin treatment significantly inhibited the proliferation of cisplatinresistant ovarian cancer cells. 28 In the present study, Tan IIA enhanced the anti-proliferation effect of OXA in SW480/ OXA cells, which was consistent with previous studies. Moreover, we found that Tan IIA markedly enhanced the pro-apoptotic effect of OXA in SW480/OXA cells via downregulating the level of Bcl-2 and upregulating the expressions of Bax and active caspase 3. Meanwhile, the inhibitory effect of OXA on the invasion of SW480/OXA cells was enhanced by Tan IIA. Deng et al indicated that neferine could enhance OXA sensitivity in hepatocellular carcinoma cells via inducing apoptosis and inhibiting invasion. 29 Tannic acid could reverse OXA resistance in CRC cells, which was consistent with our study. 30 However, the mechanism underlying the chemo-preventive effect of Tan IIA has not been fully demonstrated. Several studies have demonstrated that activation of Akt and ERK signaling pathways could directly induce drug resistance. 31 The Akt/ERK pathway is implicated in tumor cell proliferation and apoptosis and is stimulated by various chemotherapeutic agents including OXA. 32 Meanwhile, Tan IIA could induce apoptosis in CRC cells via inhibiting PI3K/Akt pathways. 11 In this study, Western blotting assay showed that combination of Tan IIA with OXA obviously downregulated the expressions of phosphorylation of Akt/ ERK in vitro and in vivo. Luo et al indicated that cetuximab enhanced the effect of OXA on gastric cancer cells via ERK/Akt pathways. 33 In addition, capilliposide C reversed OXA resistance in esophageal squamous carcinoma cells via downregulating the PI3K/Akt signaling pathway. 34 On the basis of the results, Tan IIA enhanced the sensitivity of SW480/OXA cells to OXA in vitro and in vivo by inhibiting Akt/ERK pathway. 
Conclusion
Taken together, Tan IIA could reverse OXA resistance in SW480/OXA cells via inhibiting Akt/ERK pathway. Therefore, OXA combined with Tan IIA might be considered as a therapeutic approach for the treatment of OXA-resistant CRC.
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